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after the first observation. A comparison shows that Venus 
occupied very nearly the same position in her orbit during the 
time that the drawings were made by the two observers. The 
earth's position was also little different in both cases. This 
agreement between independent observers seems therefore to 
justify the following conclusions :— 

(1) The observations were made on the same portion of the 
planet’s surface. 

(2} Venus, in travelling over the same part of her orbit, after 
an interval of three years, or after five complete revolutions, 
presented the same part of her surface to the same part of the 
heavens during the respective periods of observation. 

(3) Therefore the planet at these two epochs also presented 
very nearly the same face to the sun. 

(4) Venus has therefore a very slow rotational motion, as 
has been suggested by Signor Schiaparelli, and confirmed by 
M. Perrotin. 

(5} There exist not only light spots on the planet’s surface, 
but also dark ones having a fixed character similar to those on 
Mars ; these spots are fixed enough to be recognized after an 
interval of three years, but are difficult to see, on account of 
their undefined edges, due, probably, to a dense atmosphere full 
of clouds. Up to now, the permanence of the dark spots was 
much questioned; these spots, however, do not appear to re¬ 
semble those drawn by Bianchini and De Vico. 

Observations made by various other observers are quoted in 
support of these conclusions, and in favour of the probability 
that the time of revolution is equal to that of rotation. A plate 
containing forty-three drawings of Venus accompanies the 
paper. 

Observations of Mars. —The above-named Bulletin con¬ 
tains also some observations of Mars made by M. J. Guillaume 
last year, by means of a With’s reflector about 9 inches in 
aperture, and a power of about 195. Twenty-five drawings of 
the planet are given, and with each the times of observation and 
the longitude of the central meridian calculated from the ephe- 
merides furnished by Mr. Marth. This facilitates the compari¬ 
son of the drawings with those made by other observers. In 
spite of the bad atmospheric conditions under which M. 
Guillaume, like many other astronomers, has had to labour, he 
has had the good fortune to see a certain number of canals, and 
gives a drawing of their gemination. The variations in the 
appearance of some of the seas observed on different occasions 
leads to the conviction that they can only be explained by the 
presence of clouds in the Martian atmosphere. 

New Variable. — Wolsingham Observatory Circular , No. 
29, reads .A star, 8*5 mag., red, third-type spectrum, not in 
the D.M., was observed here on January 31 and February 1 and 
2, in R.A. 5h. 32m. 37s., Decl. + 31 0 57'(1855). The star is 
perhaps variable. 

New Asteroid. —M. Charlois, of Nice Observatory, dis¬ 
covered another asteroid on February 16. Its designation will 

be (306); its magnitude is 11 


THE MAMMALIAN NERVOUS SYSTEM} 

1 . Introduction. 

T N the Proceedings of the Royal Society, No. 273, November 
x 1888 (vol. xlv., 1889, p. 18), we published a preliminary 
account of some of the experiments of which the results are 
given in detail in our full paper. 

In that communication we stated that the object of our work 
then was to endeavour to ascertain the character of the excitatory 
processes occurring in nerve-fibres when either directly, i.e. 
artificially excited, or when in that state of functional activity 
which is due to the passages of impulses along them from the 
central apparatus. The most important way in which such a 
method could be applied was, obviously, one which would 
involve the investigation of the excitatory changes occurring in 
the fibres of the spinal cord when the cortex cerebri is stimu¬ 
lated. We must at once assume that the motor side of the 
central nervous system is practically divisible into three ele- 

* “ On the Mammalian Nervous System ; its Functions and their Locali¬ 
zation determined by an Electrical Method/’ By Francis Gotch, Hon. 
M.A., Oxford, and Victor Horsley, F.R.S. (From the Physiological Labora¬ 
tory of the University of Oxford.) Croonian Lecture read before the Royal 
Society on February 26. 
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ments :—(1) Cortical centres. (2) Efferent (pyramidal tract) 
fibres , leading down through the internal capsule, corona radiata, 
and spinal cord. (3) Bulbo-spinal centres contained in the 
medulla and the spinal cord, and forming the well-known nuclei 
of the cranial and also of the spinal motor nerves. 

It had already been determined, both by direct observation 
and by the graphic method, (1) that certain areas of the cortex 
were connected with definite movements of various parts of the 
body, and (2) that while the complete discharge of the cortical 
apparatus was followed by a very definite and characteristic 
series of contractions of the muscles in special relation with the 
particular point excited, the effectual removal of the cortical 
central mechanism and subsequent excitation of the white fibres 
passing down through the internal capsule, &e., led to the 
production of only a portion of the effect previously obtained 
from the uninjured brain. 

This method of observation in no wise showed what processes 
were actually occurring in the spinal and other nerve-fibres, and 
although the ablation of the cortical centre to a certain degree 
suggested the extent to which the cortex acted, nevertheless it 
did not afford an exact demonstration of the same. Moreover, 
the data which the graphic method furnished were precluded, 
through their being muscular records, from determining what 
share, if any, the lower bulbo-spinal central nerve-cells took, 
either in the production of the characteristic sequence of con¬ 
tractions, or in the modification, whether in quality or in force, 
of the descending nerve-impulses during their transit. It seemed 
to us that the only way to approach this subject would be to get, 
as it were, between the cortex and the bulbo-spinal system of 
centres. This would be accomplished if some means were 
devised of ascertaining the character of the excitatory processes 
occurring in the spinal fibres of the pyramidal tract when, upon 
excitation of the cortex, nervous impulses were discharged from 
cortical cells, and travelled down the cord. 

The question as to the extent to which it is possible to obtain 
physical evidence of the actual presence in nerve-fibres of ex¬ 
citatory processes, and thus to arrive at trustworthy data for the 
comparison of their amounts, is one which, up to the present, 
has been answered only indirectly, and that in two ways : first, 
by the extension of Helmholtz’s classical experiment of deter¬ 
mining the rate of transmission ; and secondly, by observing 
those variations in the electrical state of perve-fibres which Du 
Bois-Reymond discovered to be an invariable concomitant of the 
excitatory state. As will subsequently be shown in the historical 
retrospect, it is well known, through the researches of Du Bois- 
Reymond and others, that the fibres of the spinal cord, just as 
nerve-fibres in the peripheral trunks, are characterized by show¬ 
ing, when unexcited, an electrical difference between their longi¬ 
tudinal surface and cross-sections ; and, furthermore, that when 
excited, a well-marked diminution of this resisting electrical 
state is produced in the fibres of the cord, as in those of nerve- 
trunks. Now, since such excitatory variations in the electrical 
state are presumably parallel in time and amount with the pre¬ 
sence in the nerve of the series of unknown processes, termed 
excitatory, which a series of stimuli evokes, it was reasonable to 
presume that, if the cortex were discharging a series of nerve- 
impulses at a certain rate down the pyramidal tract, there 
would be a series of parallel changes in the electrical con¬ 
dition of the fibres in the cord tract, and that, with a suitable 
apparatus for responding to such changes, these might be 
both ascertained and recorded. The accomplishment of a 
further purpose, viz. the localization of both paths and centres 
by ascertaining the excitatory electrical effects in relation with 
them, was one of the main objects we had in view. In carrying 
it out, we found it was unnecessary to employ the electrometer, 
and, in fact, that it was advantageous to use the galvanometer, 
the record of which would be more easily and more accurately 
noted, since its graduation admits of far higher magnification. 
Moreover, with this instrument it was possible, by employing a 
series of stimuli, of known number and duration, to obtain 
quantitative results of definite comparative value, as will be 
shown further on; and thus, to compare both the size of 
different central paths and the amount of nervous energy dis¬ 
charged along the same path from different sources. 

The plan upon which the full paper is framed is, first, to 
give an historical retrospect of the work of authors who have 
opened up the study of electrical changes in the central and 
peripheral nervous system; second, to describe at length our 
mode of experimentation, with special reference to the modi¬ 
fications which we have introduced; then to compare roughly 
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the results we have obtained by our present method with those 
which had been previously ascertained by the graphic method, 
and so introduce the description of the facts which we have 
discovered, elucidating the physiology of the spinal cord, both 
in its relation to the higher centres, and to the peripheral 
nerves. 

2. Experimental Procedure. 

The observations were in all cases made on etherized animals 
(cat and monkey), with due regard to the special influence of 
the anaesthetic. The operative procedure was so designed as 
to provide for suitable exposure of a particular region of the 
nervous system for excitation, and of another part in which the 
electromotive changes evoked by the stimulation may be ob¬ 
served. The relative parts were as follows ;— 

Part exposed for excitation. Part exposed for observation. 

Brain (cortex and corona radiata) ... and spinal cord. 

,, ,, ,, ... and mixed nerve. 

Spinal cord ... ... ... ... and spinal cord. 

,, ... ... ... ... and mixed nerve. 

Mixed nerve... ... ... ... and spinal cord. 

Spinal roots ... ... ... ... ,, ,, 

Posterior roots ... ... ... and mixed nerve. 

The excitation was either electrical, chemical {i.e. with ab¬ 
sinthe and strychnine), or mechanical. In the former instance 
the duration and intensity were specially determined. The 
records were made by a Thomson high-resistance reflecting gal¬ 
vanometer and a Lippmann’s mercurial capillary electrometer. 

The tissue, whether nerve or spinal cord, was so arranged for 
observation as to be always suspended in the air, one end 
remaining in connection with the animal; consequently any 
error due to current derivations from the rest of the body could 
only have a slight and unipolar effect. 

3. Resting Electrical Difference between the Cut Surface of the 

Tissue and its Uninjured Longitudinal Surface. 

The average amounts of this difference in the tissues observed 
were as follows :— 

Cat. Monkey. 

Nerve (69 cases), 0*01 Daniell ... (12 cases), 0*005 Daniell. 

Root (5 cases), 0*025 ,, ... — 

Cord (50 cases), 0*032 ,, ... (9 cases), 0*022 ,, 

We have observed that the cord difference is greater when 

that tissue is in connection with the higher centres, and that it 
rises after each excitation. An important fall of the difference 
is to be remarked in all three tissues as a direct result of systemic 
death, 

4. Electrical Changes in the Spinal Cord evoked by Excitation 

of the Cortex Cerebri and Corona Radiata. 

We further discuss in our full paper the following points 
additional to those described in our previous communication, 
and which have resulted from the observation of the above 
changes:— 

{a) Localization of cortical areas of representation in relation 
to the various regions of the cord. 

(b) Bilaterality of representation in the central nervous 
system, as evidenced by the electrical changes in the two halves 
of the spinal cord, consequent upon excitation of the brain or 
cord. 

5. Electrical Changes in the Spinal Cord when evoked by Direct 
Excitation of its Fibres , after Severance from the Encephalon. 

We have by employment of this method ascertained the pro¬ 
portionate existence of direct channels in the various columns of 
the spinal cord, our design embracing the quantitative com¬ 
parison of the electrical changes (and so indirectly of the nerve- 
impulses) which are transmitted as a result of minimal excita¬ 
tion of the fibres. To further control our observations on these 
points, we have also determined the extent of interruption in 
any given channel by intervening sections of the same. 

As an extension of this subject, we have investigated the con¬ 
current spread of nervous impulses to collateral paths, and 
probably to centres, when this further condition is introduced by 
increase in the stimulus. 

The above results have been obtained in the case of both 
ascending and descending impulses. 
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Among other general conclusions from this division of our 
research are the following :— 

(1) High degree of unilaterality of representation in the spinal 
cord. 

(2) Spread of impulses from one posterior column to another 
and from one posterior column to its neighbouring lateral column 
through centres. 

6 . The Relation of the Paths and of the Bulbo-Spinal Centres in 
the Spinal Cord to the Peripheral Nerves and their Roots. 

We have investigated this important relationship in the 
following modes - 

(I.) The Electrical Changes in the Spinal Cord evoked by 
Excitation of a Mixed Nerve or its Roots. —The chief conclu¬ 
sions which have been deduced from the results of these experi¬ 
ments, by means of minimal excitation and the employment of 
the method cof blocking by intervening sections, include the 
following :— 

(1) Complete obstruction offered to centripetal impulses 
reaching the cord by the central end of the anterior root. 

(2) Mode of conduction, direct and indirect, in the cord of 
centripetal impulses passing up the posterior root. 

(3) Localization of the direct path of afferent impulses in the 
posterior column of the same side as that of the nerve or root 
excited. 

(4} Localization of the indirect path of afferent impulses in 
the posterior columns of the same and the opposite side and the 
lateral column of the same side as that of the nerve excited. 

(5) Proportionate development of both systems of paths in the 
two sides of the cord. 

Expressed in percentages of the total transmission, this pro¬ 
portion is as follows :— 

Posterior column of same side as the excited nerve ... 60 p.c. 

Lateral column of same side as the excited nerve ... 20 ,, 

Posterior column of opposite side to the excited nerve 15 ,, 

Lateral column of opposite side to the excited nerve... 5 ,, 

(II.) The Electrical Changes in a Mixed Nerve or its Roots 
evoked by Excitation of the Spinal Cord. —Whereas in the fore¬ 
going series (I.) we dealt only with ascending impulses, we pro¬ 
ceeded to investigate the distribution of descending impulses by 
observing the above-named changes when the individual columns 
of the cord are excited by minimal and later with more intense 
stimuli, controlling our results by the method of intervening 
sections. 

We can summarize the effects observed as follows :— 

(1) Marked quantitative diminution suffered by impulses 
leaving the spinal cord by the anterior roots, whether originating 
in the cortex cerebri, corona radiata, or the lateral columns of 
the cord. 

(2) Localization of direct transmission of impulses in the 
posterior column and passing out into the posterior roots of the 
same side. 

(3) Proportionate development of the direct and indirect 
paths in the individual columns of the cord, passing out into the 
mixed nerve of the one side. 

(4) Effects observed in the posterior roots when the bulbo¬ 
spinal centres are excited either by strychnine or electrically 
(kinsesthesis). 

Finally , the chief general principles elucidated by this research 
may be stated as follows :— 

(1) Unilateral character of the representation of function in 
the paths of the central nervous system. 

(2) The physiological characteristics of the regions of a nerve 
centre :— 

(a) The kinasstlxetic activity of the afferent region of the 
centre. 

(£) The obstruction offered by the efferent region, including 
the field of conjunction, to the transmission of impulses through 
the centre. 


THE CITY AND GUILDS OF LONDON 
INSTITUTE. 

A N important memorandum on the examination, inspection, 
and payment of grants in aid of local technological and 
trade classes has been issued by the City and Guilds of London 
Institute to County Councils and municipal bodies. So many 
changes are likely to be effected by means of the funds which 


©1891 Nature Publishing Group 












